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Table 1. Changes in volatile compounds of kumquat fruits during maturation (Areas %)
Peak Retention Oct. Oct. Nov. Nov. Dec. Dec.
No. time ) 18 30 15 29 10 17
(min) Compounds
C C (T)* C T C T C T C

6 1.80 Acetaldehyde 0.09 1.15 1.3 1.30 1.38 1.21 1.36 1.18 1.49 1.23
7 2.60 Acetone 0.85 0.96 0.8 1.22 1.16 0.79 0.82 0.77 0.96 0.83
8 3.40 Ethyl acetate 4.14 3.29 4.01 4.49 5.16 4.70 4.75 4.37 4.99 4.79
9 3.60 Methanol 1.26 2.51 2.89 4.03 5.69 1.44 0.94 1.13 1.32 0.59
10 4.00 Ethanol 2.29 3.29 299 5.39 4.67 1.81 1.66 1.50 2.00 1.44
11  6.20 Isopropyl propionate 0.07 0.07 0.07 0.08 0.07 0.08 0.10 0.08 0.11 0.08
12  6.80 a-Pinene, Ethyl butyrate 3.69 4.25 4.20 4.12 4.00 4.64 4.69 4.62 4.883 4.30
13 8.10 Hexanal 0.02 0.04 0.04 0.04 0.04 0.04 0.05 0.04 0.05 0.04
14 9.50 Butanol, Sabinene 0.18 0.18 0.23 0.20 0.19 0.26 0.24 0.25 0.28 0.26
15 9.70 B-Pinene 1.08 1.28 1.31 1.23 1.17 1.43 1.41 1.40 1.56 1.48
16 10.80 Myrcene 10.88 12.03 11.59 11.91 12.02 13.99 14.29 13.57 14.19 13.58
19 12.70 Limonene, 2-Hexenal 58.37 56.16 56.32 53.28 54.36 58.39 59.35 58.16 56.99 57.15
20 14.20 7 -Terpinene 2.32 2.08 2.26 2.10 2.03 2.46 2.45 2.44 2.78 2.38
21 15.30 p-Cymene 0.01 0.01 - - 0.01 - — t - -
22 16.00 Octanal 0.22 0.25 0.12 0.3¢ 0.21 0.24 0.11 0.18 0.16 0.23
23 17.80 Hexanol 0.09 0.05 0.04 0.01 0.01 0.02 0.01 0.02 0.02 0.02
24 19.30 3-Hexenol 0.53 1.29 1.35 0.84 0.91 1.08 0.63 0.38 0.34 0.75
29 23.00 Furfural, Linalool oxide 0.25 0.06 0.11 0.11 0.23 0.12 0.07 0.26 0.22 0.25
30 23.80 Citronellal 0.26 0.33 0.28 0.38 0.52 0.52 0.55 0.55 0.78 0.63
31 24.50 Norbonyl acetate 0.01 0.01 t 0.01 0.07 0.02 0.05 0.06 0.07 0.10
32 25.10 Decanal 0.12 0.15 0.14 0.14 0.08 0.16 0.08 0.15 0.05 0.13
34 26.30 Linalool 1.48 1.55 1.71 1.98 1.71 2,30 1.78 1.71 1.70 2.40
35 26.80 trans-2-Nonenal 0.94 0.70 0.58 0.25 0.24 0.24 0.12 0.06 0.04 0.06
36 28.70 Terpinene-4-ol 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02
37 29.40 Undecanal 0.59 0.39 0.40 0.32 0.24 0.08 0.06 0.30 0.18 0.23
38 30.10 Octyl butyrate 2.48 1.49 1.57 1.24 0.57 0.34 0.16 0.71 0.29 0.29
39 31.00 Caryophyliene 0.18 0.05 0.05 0.13 0.05 0.05 0.04 0.02 0.07 0.05
40 31.80 a-Terpineol 0.06 0.06 0.06 0.05 0.02 0.01 t 0.02 0.01 0.01
41 32.80 Neral, @-Humulene 0.55 0.52 0.52 0.74 0.59 0.60 0.26 0.55 0.34 0.58
42  34.30 Terpinyl acetate, Geranial 4.02 3.31 3.35 2.88 2.64 4.22 4.02 4.33 4.65 4.30
43 35.20 ¢ -Carvone 2.56 2.14 2.31 2.55 2.49 2.41 2.28 2.46 2.57 2.87
44 36.80 Nerol 1.05 0.57 0.52 0.51 0.59 0.46 0.23 0.5 0.26 0.46
45 38.00 Geraniol 0.43 0.25 0.31 0.23 0.23 0.22 0.11 0.25 0.17 0.14
46 39.40 Undecanol 0.60 0.68 0.77 0.80 0.73 0.76 0.86 0.89 0.83 0.9
47 40.00 2-Dodecanal 0.82 0.37 0.47 0.13 0.06 0.01 — 0.13 - 0.01
C :Control fruits T :Ethephon treated fruits t ‘Trace

* :Before ethephon treatment
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Table 2. Changes in volatile compounds of ponkan fruits during maturation and storage (Areas %)

SRR RS S R

O (min) Compounds -

10°C  10°C  RT 10°C RT 10°C RT
7 2.60 Acetone 0.36 0.40 0.33 0.29 0.24 0.38 0.31 0.11 0.15 0.05 0.04
8 3.40 Ethyl acetate 2.33 2,49 1.92 1.65 0.28 2.19 1.89 1.27 1.22 0.54 0.46
9 4.00 Ethanol 0.32 0.71 0.52 1.57 0.17 2.31 0.19 0.12 0.16 0.06 0.03
13 6.70 @-Pinene, Ethyl butyrate 5.91 5.69 5.87 5.75 6.17 5.75 6.28 7.14 6.42 7.61 6.97
14  8.00 Hexanal 0.07 0.03 0.03 0.04 0.05 0.03 0.03 0.07 0.14 0.08 0.10
15 9.40 Butanol 3.49 3.13 3.18 3.27 3.52 3.19 3.26 3.73 3.19 3.51 3.80
16 9.70 B-Pinene 4.17 3.62 3.80 3.39 4.29 3.44 4.10 4.26 3.49 4.31 4.09
17 10.80 Myrcene 8.24 8.48 8.73 8.82 9.32 8.54 9.29 10.50 9.52 11.27 10.70
19 11.80 Isopentanol - 0.12 0.31 0.55 0.99 0.92 0.95 1.49 1.37 1.47 1.98
20 12.89 Limonene, 2-Hexenal 35.59 37.02 37.65 36.06 36.84 33.09 37.61 36.74 36.07 35.71 35.67
21 14.20 7Y -Terpinene 15.14 15.31 15.74 15.20 15.14 13.68 15.61 15.12 16.53 15.40 15.27
22 15.25 p-Cymene 1.62 1.42 1.40 1.41 1.34 1.56 1.35 2.80 3.69 2.61 2.69
23 15.90 Octanal 3.53 4.78 4.76 4.71 4.94 3.53 3.83 4.60 9.99 5.31 4.95
25 19.20 3-Hexenol 0.69 0.41 0.31 0.18 0.06 0.03 0.02 0.01 — - t
27 22.20 Heptanol 0.11 0.09 0.07 0.07 0.06 0.02 0.04 0.06 0.02 0.06 0.06
28 23.10 Furfural, Linalool oxide 0.26 0.27 0.24 0.26 0.22 0.30 0.15 0.49 0.45 0.52 0.20
29 24.10 Citronellal 0.13 0.26 0.32 0.58 0.70 0.55 0.54 0.64 0.48 0.56 0.73
30  25.00 Decanal 1.63 1.58 1.59 1.84 2.17 1.51 1.53 1.53 1.18 2.04 1.81
31 26.20 Linalool 9.01 8.37 7.99 8.50 7.54 4.88 4.87 3.29 2.29 4.07 4.03
33 28.70 Terpinene-4-ol 0.52 0.50 0.52 0.48 0.69 0.49 0.56 0.94 0.63 0.79 1.03
36 31.00 Caryophyllene 0.07 0.09 0.10 0.11 0.15 0.09 0.11 0.11 0.08 0.17 0.19
37 31.90 a-Terpineol 0.09 0.07 0.09 0.06 0.25 0.09 0.21 0.41 0.13 0.17 0.45
38 32.70 Neral, @-Humulene 1.86 1.87 1.37 1.52 1.74 0.52 0.49 0.39 0.09 0.24 0.58
39 34.20 Terpinyl acetate, Geranial 0.57 0.28 0.35 0.35 0.48 0.39 0.29 0.58 0.46 0.68 0.71
40 34.40 Citral 0.77 0.76 0.60 0.47 0.59 0.31 0.04 0.31 0.33 0.50 0.51
41 35.10 ¢ -Carvone 1.08 0.90 0.87 0.8 0.72 0.79 0.39 1.40 0.94 1.30 1.36
43 36.70 Nerol 0.32 0.06 0.04 0.03 0.06 0.17 0.12 0.13 0.10 0.24 0.18
44 37.00 Perillaldehyde t 0.08 0.11 0.16 0.15 0.06 0.02 0.03 0.10 0.15 0.06
45 38.00 Geraniol 0.12 0.04 0.01 0.01 0.11 0.04 0.01 - — - —
46 42.00 Undecanol 0.10 0.06 0.05 0.10 - - - 0.21 0.13 0.18 0.35

RT “Room temperature storage
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\ Column: 10% PEG 20M (Chromosorb W),
: y y 3m X 3mm
0 10 20 30 o o .
Retention time (min) Temperature: 80-170C (3°C/min)
N2 gas: 40m¢ /min
Sample: Kumquat (10g), ponkan (5g)
Table 3.  Effect of ethephon on the headspace of kumquat and ponkan fruits (Counts, 107Y)
*1 *2 *3
Peak Retention Combound Kumgquat Ponkan Ponkan
No. time (min) omp S C T C “T C T
1 0.73 Air 79 74 78 75 62 60
2 0.99 Formic acid 26 19 10 25 20 16
4 1.31 Ethyl ether, Hexane 123 167 222 379 120 148
5 1.75 Acetaldehyde 474 441 319 419 436 397
6 2.79 Acetone 131 94 12 42 41 34
7 3.59 Ethyl acetate 4 3 7 43 9 5
8 4.25 Ethanol 1,011 1,222 431 462 500 480
12 7.14 a-Pinene 1,816 1,637 6,070 4,909 4,994 5,398
13 8.58 Hexanal 38 19 124 101 52 53
14 9.96 Sabinene, Butanol - - 1,319 1,044 1,274 1,234
15 10.24 B-Pinene 295 194 1,268 1,149 1,329 1,305
16 11.41 Myrcene 2,940 2,639 3,020 2,600 3,442 3,149
18 12.48 Isopropyl pentanoate 159 75 431 423 389 350
19 13.18 Limonene 52,763 50,472 53,907 49,837 60,037 55,482
20 14.96 Y -Terpinene 241 254 3.816 3,440 5,229 4,319
21 16.06 p-Cymene — — 179 195 289 269
22 16.56 Octanal 153 115 401 408 480 450
34 26.97 Linalool - - 27 28 23 19
Total volatile compounds 60,830 59,250 71,767 65,653 78,729 73,181

*1: The average of 3 measurements (Oct. 15, Oct. 29 and Dec. 10) (10g)
*2: The average of 4 measurements (Oct. 15, Oct. 29, Dec. 10 and Dec. 17) (5g)
*3:The average of 3 measurements (Jan. 13 and Feb. 8 stored at 10C and room temperature) (5g)

C:Control, T :Ethephon treated fruits
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Summary

Changes in the volatile constituents of kumquat (Fortunella crassifolia Swingle) and ponkan (Citrus
reticulata Blanco) during maturation and storage were determined, and effects of ethephon
(2-chloroethylphosphonic acid) on the volatile compounds of citrus fruits were studied at an interval of
two weeks.  The results obtained are as in the following:

1. Essential oil extracted from kumquat peel with ethylether contained 53~59% of limonene of
the whole oil, followed by myrcene, ethyl acetate, ethanol, a-pinene, terpinyl acetate, linalool and
¢ -carvone. Myrcene increased slightly as fruits matured (10.9~14.2%). Some increasing in the
contents of a-pinene, linalool, B-pinene and citronellal was observed in kumquat fruits. ~ But the con-
centrations of trans-2-nonenal, nerol, a-terpineol and octyl butyrate decreased with fruit maturation.

2. Essential oil of ponkan peel contained 35.6~37.7% of limonene during maturation, and 33.1
~ 37.6% during storage, followed by 7-terpinene (13.7 ~ 16.5%), linalool, myrcene and octanal.
The concentration of linalool decreased during storage, but myrcene increased slightly.  Fruits with
pretreatment (4%) showed a decrease of low volatile constituents to that of control fruits.

3. On headspace gas analysis, butanol, p-cymene and linalool were not detected in kumquat, and a
large quantity of @-pinene, B-pinene and 7 -terpinene were contained in ponkan peel.

4. Myrcene, ethyl acetate and acetaldehyde in kumquat fruits treated with ethephon showed a
tendency of increasing, while most of higﬁer volatile constituents were less than those of control fruits.
Essential oil from ponkan peel did not show a significant difference between ethephon treated fruits and
non-treated ones.  Low volatile constituents of headspace gas were a little more numerous than those
of control fruits, while relatively high volatile compounds such as limonene, myrcene and 7 -terpinene
decreased in treated fruits. On the other hand, most volatile compounds from the ethephon treated
kumquat showed a slight decreasing.



